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PASSIVE CONTROL OF HOT AIR 
INJECTION FOR SWIRLING ROTATIONAL 

TYPE ANTI-ICING SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an improvement in anti 
icing systems for aircraft jet engine propulsion systems and 
more particularly, but not by Way of limitation, to an 
improved method and arrangement for a sWirling anti-icing 
system for an inlet of an aircraft jet engine Which provides 
for improved mixing of the injected hot gas and enhanced 
pumping of the air Within such inlet. 

2. Description of the Prior Art 
Safety is a primary concern in the design of poWer 

propulsion systems for aircraft applications. The formation 
of ice on aircraft Wings, propellers, air inlets of engines, etc. 
has been a problem since the earliest days of heavier-than-air 
?ight. Any accumulated ice adds considerable Weight, and 
changes the airfoil or inlet con?guration making the aircraft 
much more dif?cult to ?y and in some cases has caused loss 
of aircraft. In the case of jet aircraft, large pieces of ice 
breaking loose from the leading edge of an engine inlet 
housing can severely damage rotating turbine blades or other 
internal engine components and cause engine failure. 
Many attempts have been made to overcome the problems 

and dangers of aircraft icing. The inlet area of nacelles for 
aircraft propulsion systems have been the focus of a signi? 
cant amount of research and development Within the aircraft 
industry. For example, proposals have been made, as 
described in US. Pat. No. 2,135,119 to mechanically vibrate 
external surfaces to break ice loose or, as described in US. 
Pat. No. 3,549,964, to generate electro-magnetic pulses in 
the aircraft skin to break ice loose. These systems, hoWever 
tend to be heavy and complex and to only remove existing 
ice, rather than prevent ice formation. 

Heating areas of the aircraft prone to icing has been 
suggested many times. The heating schemes suggested 
range from microWave heating as suggested by US. Pat. No. 
4,060,212 to feeding hot gases through holes in the skin, as 
suggested by US. Pat. No. 4,406,431, to resistance heating 
of the surfaces, as in US. Pat. No. 1,819,497, to actually 
burning fuel adjacent to ice-prone surfaces, as described in 
US. Pat. No. 2,680,345. While each of these methods have 
some advantages none had been truly effective. 

One of the most common anti-icing techniques has been 
the ducting of hot gases into a housing adjacent to the likely 
icing area. Typical of the patents describing such hot gas 
techniques are US. Pat. Nos. 3,057,154; 3,925,979; 3,933, 
327 and 4,250,250. In each case, the hot gas conduits simply 
dump hot gases into a housing, such as the leading edge of 
a jet engine housing or a Wing leading edge. While often 
useful, these systems are not fully effective due to the 
complexity of the hot gas duct system. 
A typical design for a transport aircraft engine nose coWl 

ice protection system Was the double skin, spray bar con 
?guration Which employed an annular duct installed Within 
the nose coWl “D-duct” space. Hot air jets issuing from 
small ori?ces, or piccolo holes, on the spray tube Were 
directed onto the entrance into the D-duct into double skin 
passages along the upper and loWer lip surfaces, aWay from 
the high-light portion of the nose lip. Hot air Was then forced 
to How through narroW gaps betWeen the outside skin and 
the inner skin, transferring heat to the outer skin. While 
some heat effectiveness Was achieved by the double skin 
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2 
design it Was at the expense of high manufacturing cost and 
Weight penalty, associated With the required chem-milling 
process to produce the inner skin and to provide the spray 
tube arrangement. 
A substantial advance in anti-icing systems Was made in 

US. Pat. No. 4,688,745 entitled “SWirl Anti-Ice System” 
and issued to Rosenthal. This patent provided for the circu 
lation of heated gases Within the circular leading edge of a 
jet engine housing in a rotational sWirling motion to prevent 
ice build up thereon. Hot gas, such as air from a hot, high 
pressure section of the jet engine Was directed to the D-duct 
inlet interior through a conduit that enters the annular 
leading edge housing through a bulkhead closure. The 
conduit is then turned about 90° to a direction tangential to 
the center line of the leading edge annulus. The hot gases 
exiting an injection noZZle provided as an outlet of such 
conduit entrain the cooler air in the circular leading edge and 
cause the much larger mass of air to sWirl circularly around 
the interior of the D-duct of the annular housing. The 
entering hot gas heats the mass of air to an intermediate but 
still relatively hot temperature Which then uniformly trans 
fers heat to the skin of the leading edge Without leaving any 
relatively cold areas and preventing the formation of ice on 
the inlet lip. A fraction of entrained heated air equal to the 
How rate of injected hot gas is exhausted from such housing. 
While this anti-icing system represented a signi?cant 

advancement over the prior art and has been Widely accepted 
in the aircraft industry, there are areas of the system that 
could be improved. It has been found that as the jet noZZle 
injects a How of under-expanded hot air into the annular 
nose coWl or nose lip of the inlet that the complete mixing 
of the tWo masses of air is someWhat delayed during the 
rotational sWirling action and results in a “hot spot” or area 
of elevated temperature on the outer lip skin of the nose lip 
at a position doWnstream of such injection. This area of 
elevated temperature in the noselip then presents a constraint 
in the design of an anti-icing system according to teachings 
of such patent since such design must take into account such 
actual conditions such as a day having an elevated ambient 
temperature, a loW altitude location for the aircraft that is to 
take-off, a high engine poWer setting, and a failure to an 
open position of an anti-ice valve provided in the conduit 
supplying hot gas from the engine as required. 

Thus, there is a continuing need to improve aircraft engine 
housing icing prevention and to particularly improve the 
anti-icing system of US. Pat. No. 4,688,745 by enhancing 
the mixing of the injected hot gas and the mass of sWirling 
air contained Within the D-duct noselip of an aircraft jet 
engine housing and to improve the performance of the 
anti-icing system and to lessen design constraints imposed 
by the area of elevated temperature in the nose lip doWn 
stream of the point of injection of the hot gas. 

It is a general object of this invention to provide an 
improved sWirling rotational anti-icing system for the nose 
coWl of a transport aircraft jet engine Which enhances the 
mixing of injected hot, high pressure gas With the larger 
mass of air Within the nose coWl. 

It is a further general object of this invention to improve 
the mixing of hot, pressure gas With the mass of air Within 
the nose coWl and thereby materially reduce any tendency 
for the injection of such hot, high pressure gas to create an 
area of elevated temperature in the nose lip at a position 
doWnstream of the injection of such hot gas under severe 
design conditions. 

Afurther general object of the invention is to enhance the 
pumping action that the injected hot gas has on the ambient 
air Within the nose coWl. 
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A still further general object is to enhance the circumfer 
ential uniformity of noselip temperature and noselip heat 
rejection to improve the anti-icing ef?ciency and to prevent 
ice accumulation on the exterior of the noselip upstream of 
the point of hot gas injection. 

Another general object of the invention is to enable 
reduction in the noselip cross sectional area and to thereby 
increase the effectiveness of engine noise attenuation by the 
inlet by permitting a greater area of sound attenuating 
structure to be used in the inner barrel of the air inlet. 

The foregoing has outlined some of the more pertinent 
objects of the invention. These objects should be construed 
to be merely illustrative of some of the more prominent 
features and application of the intended invention. Many 
other bene?cial results can be attained by applying the 
disclosed invention in a different manner or by modifying 
the invention Within the scope of the disclosure. 
Accordingly, other objects and a fuller understanding of the 
invention may be had by referring to the summary of the 
invention and the detailed description of the preferred 
embodiment in addition to the scope of the invention de?ned 
by the claims taken in conjunction With the accompanying 
draWings. 

SUMMARY OF THE INVENTION 

Brie?y stated, the present invention contemplates over 
coming the above noted problems of the prior art and others 
by the anti-icing system of the present invention Which also 
further improves upon the performance of the generally 
accepted previous highest standard for an anti-icing system. 
The present invention contemplates at least one conduit 
means Which directs hot gas from a source of hot, high 
pressure gases, such as a hot high pressure region of a jet 
engine to an annular single skin housing or nose lip of the 
air inlet of an aircraft engine, the air inlet having an 
acoustically treated inner barrel. The hot gas conduit enters 
the nose lip through a transversely arranged bulkhead and 
then is immediately bent approximately 90° and further 
shaped as a noZZle so as to inject a high speed hot gas jet into 
the mass of air Within such housing at a high velocity 
substantially along a tangent to the nose lip interior. The 
arrangement of the nose lip and bulkhead is sometimes 
referred to in the art as a “D-duct.” The outlet noZZle of the 
conduit is provided With a plurality of circumferentially 
arranged triangularly shaped tabs that extend aft from the 
noZZle and are canted inWardly into the exiting How of hot 
air to create large scale longitudinal vorticity or transverse 
stirring aspect to the exiting How of hot air. 

This turbulent How of injected hot air then mixes more 
quickly than in the past With the larger mass of loWer 
velocity air in the housing and begins to entrain the larger air 
mass and brings the velocity of hot gas and air to an 
intermediate velocity. LikeWise, heat is transferred from the 
injected How of hot air to the larger mass of air to bring the 
resultant intermixed How of rotating sWirling How of air up 
to an intermediate, but still high, temperature. In effect, 
energy is conserved by trading high velocity and high 
temperature in the small mass of injected hot gas for loWer 
velocity and a slightly loWer temperature in a larger mass of 
air/ hot gas mixture Which still has a temperature suf?ciently 
high to relatively uniformly heat the skin of the noselip to a 
temperature Which precludes the formation of ice on the 
external surface of the nose lip. 

Thus, the improved mixing of the hot gas and the mass of 
internal air also precludes the formation of an area of unduly 
elevated temperature on the nose lip at a position down 
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stream of the injection of hot gas and precludes formation of 
an area of unduly cold temperature on the noselip at a 
position upstream of the injection of hot gas and improves 
uniformity of heat rejection around the D-duct circumfer 
ence. An outlet means is provided in the nose lip bulkhead 
construction to permit the exhaust of a How of mixed air 
from the D-duct that is equal to the How of hot air injected 
into such housing. An alternative outlet means and presently 
preferred structure is to provide an outlet means through 
slots provided in the noselip itself, preferably at the bottom 
outer portion of such noselip. This construction has been 
found to be a very efficient and simple anti-icing system that 
improves the effective heat transfer that takes place from the 
large mass of heated moving air to the D-duct Wall While 
retaining mechanical simplicity. There are no moving 
mechanical parts or electrical parts to jam or burn out. 

The foregoing has outlined rather broadly the more per 
tinent and important features of the present invention in 
order that the detailed description of the invention that 
folloWs may be better understood so that the present con 
tribution to the art may be more fully appreciated. Additional 
features of the invention Will be described hereinafter Which 
form the subject of the claims of the invention. It should be 
appreciated by those skilled in the art that the conception and 
the disclosed speci?c embodiment may be readily utiliZed as 
a basis for modifying or designing other structures and 
methods for carrying out the same purposes of the present 
invention. It should also be realiZed by those skilled in the 
art that such equivalent constructions and methods do not 
depart from the spirit and scope of the invention as set forth 
in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and objects of the 
invention, reference should be had to the folloWing detailed 
description taken in conjunction With the accompanying 
draWings in Which: 

FIG. 1 is a schematic elevation vieW, partially in section, 
of a conventional gas turbine or jet engine shoWing the 
anti-icing system of the present invention. 

FIG. 2 is a schematic perspective, partially in section, of 
an annular air inlet for a jet engine illustrating the location 
of the anti-icing system of the invention. 

FIG. 3 is a partial section taken along lines 3—3 of FIG. 
2 to illustrate the novel hot gas noZZle of the invention. 

FIG. 3A is a detail perspective further illustrating the 
noZZle of FIG. 3. 

FIG. 4 is a schematic section of the nose lip of FIG. 2 that 
illustrates the injection of hot gas into the inlet and the 
rotational sWirling mixed ?oW. 

FIG. 5 is a schematic perspective of the details of the nose 
lip leading edge shoWing details of the hot gas injection 
noZZle. 

FIG. 6 is a schematic perspective of a portion of a hot gas 
injection noZZle of the prior art and creation of an area of 
elevated temperature in the nose lip a location aft of the 
injection of hot gas by the noZZle. 

FIG. 7 is a chart illustrating the reduction in the elevated 
temperature of an area of the nose lip aft of the improved 
injection noZZle. 

FIG. 8 is a chart illustrating the noZZle area enlargement 
required to compensate for the tab members of the improved 
injection noZZle, Which enlargement Was performed prior to 
conducting the studies shoWn in FIG. 7. 

Similar numerals refer to similar parts in all FIGURES. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring noW to the drawings in detail and in particular 
to FIG. 1, there is seen a schematic representation of a jet 
turbine engine 10 of the type suitable for aircraft propulsion. 
The turbine engine 10 is housed Within a central housing 12. 
Air enters the engine 10 through an air inlet section 20, 
betWeen the spinner 16 of the engine and the nose lip or 
annular single skin housing 14 Which constitutes the forward 
most section of the air inlet 20 of the engine nacelle, some 
of Which components have been omitted from the Figure for 
purposes of ease of understanding. Engine thrust is produced 
by burning incoming air and fuel Within the central housing 
12 and passing the hot, high pressure propulsion gases 
through exhaust outlet 22 and out the rear of the engine. 

In ?ight, under “icing conditions”, ice tends to form on the 
nose lip 14 (in addition to other aircraft components not 
being considered here). The ice changes the geometry of the 
inlet area 18 betWeen the nose lip 14 and the spinner 16, 
adversely affecting the required quantity, ?oW path and 
quality of incoming air. The inlet area 18, termed the “inner 
barrel”, is preferably acoustically treated. Also, pieces of ice 
may periodically break free from these components and 
enter the engine, damaging rotor blades and other internal 
engine components. This invention is concerned With pre 
venting the accumulation of ice on the surface of the annular 
housing 14 and With minimizing design constraints associ 
ated With the utiliZation of a sWirling rotational anti-icing 
system. Other techniques may be used With the spinner 16 
and other aircraft parts, such as control surfaces, and the 
like. 

Within the compressor section 24 of the jet engine 12 
there is a region containing unburnt, hot, high pressure 
gases. A suitable conduit means 26 or tube is connected at 
a ?rst end 28 to that hot, high pressure region. The other end 
30 penetrates a bulkhead 32 that substantially closes the 
nose lip 14 to form the D-duct to enclose a quantity of air 
With the annular space created by such bulkhead 32 and the 
nose lip 14. In some prior art ice prevention methods, the 
tube simply terminates at this point, serving to deliver hot 
gases into the annular space. At times in prior art systems 
such hot, high pressure gas Was delivered to What is termed 
a “piccolo tube” system for distributing hot gas though 
apertures in a tube to the vicinity of the leading edge of a 
nose lip. Even With complex, heavy, ducting Within the 
annular housing, heating of the nose lip Was not uniform 
With some hot spots and other cold spots Which tended to 
accumulate ice. Sometimes a large number of tubes Were 
used in order to bring more hot air forWard. The additional 
tubes added considerable Weight and still alloWed hot and 
cold areas in the nose lip. 

Referring momentarily noW to FIG. 6, as exemplary of the 
sWirl anti-icing system of US. Pat. No. 4,688,745 of the 
prior art, the disclosure of Which patent is incorporated by 
reference, in Which it Will be seen that a nose lip 14 is closed 
by a bulkhead 32 and a noZZle “A” Which extends outWardly 
from the bulkhead 32 in a direction that is parallel to the 
centerline of the bulkhead 32 and then in a direction that is 
approximately 90° tangential to such centerline. The noZZle 
Athen injects a How of hot high pressure gas from the engine 
into the mass of air Within the housing 14 and entrains it in 
a rotational sWirling motion. The hot temperature gas then 
mixes With the mass of gas Within the housing 14 to increase 
the mixed How to an elevated intermediate temperature 
Which is suf?cient to preclude the formation of ice on the 
leading edge of the annular housing 14. A suitable exhaust 
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6 
means is provided to permit a quantity of intermediate 
temperature air, that is equal to the amount of hot gas 
injected into the housing 14 by the noZZle A, to escape from 
the housing 14. Such an anti-icing system, as seen in FIG. 
6, While superior to any other anti-icing system for an 
aircraft engine thereto before knoWn, is subject to several 
design constraints. 
While the noZZle A does entrain the ambient quantity of 

air contained Within the housing 14 in a rotational sWirling 
movement, such entrainment is not immediate and in certain 
applications the heat of the injected hot gas may not be 
immediately transferred to the entrained air and may to tend 
to create an area B in the nose lip 14 that has an elevated 
temperature With respect to the remaining portion of the 
nose lip 14. For example, an exemplary temperature for the 
injected hot gas may be around 1000° F. While the tempera 
ture of the entrained rotational sWirling hot gas and air 
mixture may be around 400° F. Thus, this area of elevated 
temperature or “hot spot” operates as a design constraint 
When designing the anti-icing system and the elements of the 
air inlet 18. For example, the inlet 18 and the nose lip, 
among other components, must be designed to operate in an 
acceptable manner under such simultaneously occurring 
conditions for the aircraft as a hot day, loW altitude of the 
air?eld, imposition of take-off poWer for the aircraft, and 
With the failure of a valve imposed in the hot gas conduit 30 
so as to permit that hot gas to How into housing 14 under all 
conditions (not just a desired anti-icing ?ight condition). 

Referring noW to FIGS. 2—5, the primary novel feature of 
my invention is illustrated. In FIGS. 2, 3 and 3A it Will be 
seen that it Will be seen that the conduit 30 carrying the hot, 
high pressure gas from the compressor section of a jet engine 
10 extends through the bulkhead 32 that closes off the 
annular nose lip 14 of the inlet 18 to create an annular 
chamber ?lled With air. The conduit 30 has an outlet noZZle 
34 connected to its outlet end, Which noZZle 34 is preferable 
bent substantially 90° so that the very end of the outlet 
noZZle 34 is approximately tangent to the centerline of the 
annular nose lip 14. 
The very end of the outlet noZZle 34 is then provided With 

a plurality of circumferentially spaced longitudinally 
extending means that extend into the hot air jet stream being 
ejected from the noZZle 34 to provide vortices in such hot air 
stream to provide a predetermined vorticity to the hot air 
stream and thereby promote the more rapid mixing and 
better entrainment of the ambient mass of air Within the nose 
lip 14 by such hot air stream. Thus, the mixing of the 
injected hot gas stream into mass of air contained Within the 
housing 14 is materially enhanced. It Will be recogniZed that 
the injection of such hot gas stream into the housing air Will, 
as seen in FIG. 4, cause the entrained mass of air to rotate 
Within the housing 14 in a sWirling rotational direction. Also, 
as seen in FIGS. 2 and 4, as the mass of entrained air rotates 
Within the housing 14 a suitable exhaust means, shoWn as 
suitably siZed slots 36 formed in an outboard position of the 
nose lip 14, permit a portion of such entrained air to escape 
the housing equal to the mass ?oW rate of hot gas being 
injected into the housing to maintain an equilibrium of ?oW. 

It Will be recogniZed that as the hot gas is emitted from the 
enhanced noZZle 34 the hot gases rapidly mix With the 
ambient air in the noselip, accelerating the entire air mass to 
move circularly in the circular direction seen in the FIG 
URES and to rapidly reach a temperature intermediate 
betWeen the entering hot gas temperature and that of the 
stagnant air. The temperature of the air Within the nose lip 14 
rises until a stable temperature is reached at Which heat lost 
Will, by conduction through the skin of the housing 14 and 
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carried off With the exhaust mixture passing though the slots 
36, the sum of Which Will equal the heat being injected by 
additional hot gas through the noZZle 30. With the enhanced 
noZZle 34 and the enhanced mixing of the hot, high pressure 
gas and the air contained Within the housing 14, any ten 
dency of the rotating heated air mass to generate an area of 
elevated temperature in the skin of the nose lip 14 at a 
location doWnstream of the site of the noZZle 34 and the 
initial injection of the hot, high pressure gas Will be mate 
rially reduced. 

Referring again to the enhanced noZZle 34 seen in FIGS. 
2, 3, 3A and 5, it Will be seen that in the particular 
embodiment of the invention illustrated in the draWings that 
the circumferentially arranged means extending aft from the 
noZZle 34 takes the form of a plurality of circumferentially 
arranged spaced tab members 38 Which are preferably 
canted inWardly into the How of hot gas to create spaced 
vortexes. While in the illustrated embodiment of the inven 
tion four such tab members 38 are shoWn, it is contemplated 
that a range of 2 to 6 tab members 38 should suffice. Also, 
the preferred shape of the tab members 38 is triangular or 
delta-shaped. Asymmetric distribution of tab members 
around the noZZle periphery is contemplated for preferential 
modi?cation of the hot jet mixing characteristics. 
As seen most clearly in FIG. 3A, the tab members 38 are 

also canted or angled from the end of the noZZle 34 inWardly 
a predetermined distance to create the desired vorticity in the 
hot, high pressure gas stream. The angle Q that the tab 
members may be canted into gas stream is preferably chosen 
from a range of 0—45° With the angle Q not to exceed 45°. 
It Will be recogniZed that the angled tab members 38 Will 
tend to slightly restrict the cross-sectional area of the outlet 
noZZle 34. The invention contemplates that such restriction 
Would not exceed 5% of the normal cross-sectional area and, 
also, the cross sectional area of the noZZle 34 could be 
enhanced to compensate fully for any such restriction of 
such cross-sectional area by such tab members 38. 

Referring noW to FIGS. 7 and 8, it Will be seen in FIG. 7 
that the hot spot temperature is measured by determining the 
temperature Within the nose lip 14 at a position close to the 
outer portion of the nose lip 14 and at varying immersion 
points relative to the bulkhead. As seen in FIG. 7, the 
temperature of the hot spot is materially reduced by use of 
the improved injection noZZle of the invention, Which is 
termed the “tab noZZle” in the chart, and the uniformity of 
temperature of the mixed hot gas and air Within the D-duct 
is improved. 
As noted above, it is contemplated that the cross-sectional 

area of the noZZle 34 Will be enhanced to compensate fully 
for any restriction caused by the tab members 38. FIG. 8 
demonstrates that the improvement shoWn in FIG. 7 occurs 
even after the noZZle area is enlarged to provide a desired 
compensation for such tabs, Which enlargement Was pro 
vided prior to conducting the studies shoWn in FIG. 7. 

While a converging outlet noZZle has been most fre 
quently used it Would be Within the scope of the present 
invention to provide other alternative noZZles, such as those 
seen in FIGS. 4—7 of US. Pat. No. 4,688,745, With the 
means described herein for improving the mixing of the hot, 
high pressure gas injected through such noZZle With the 
sWirling rotating air contained Within the nose coWl. 
Similarly, While the exhaust means for the mixed sWirling 
rotational gas and air is shoWn to be a plurality of suitable 
slots provided in the nose lip other exhaust means of suitable 
siZe could be provided in the practice of this invention. Also, 
it Would be Within the scope of this invention to provide the 
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8 
longitudinally extending tab members on each of a plurality 
of noZZles that may be utiliZed to inject hot high pressure gas 
jets as seen in US. Pat. No. Re. 36,215. Asymmetric 
placement of tab members modifying multiple jets issuing 
from a single noZZle structure Would also be advantageous 
and Within the scope of this invention. 

It should also be recogniZed that the present invention Will 
permit reduction in the siZe of the D-duct and thereby also 
permit increasing the longitudinal length of the acoustically 
treated inner barrel. 
The present disclosure includes that contained in the 

appended claims as Well as that of the foregoing description. 
Although this invention has been described in its preferred 
forms With a certain degree of particularity, it is understood 
that the present disclosure of the preferred form has been 
made only by Way of example and numerous changes in the 
details of construction and combination and arrangement of 
parts and method steps may be resorted to Without departing 
from the spirit and scope of the invention. 
What is claimed is: 
1. An anti-icing system for a nose coWl for an annular inlet 

of an aircraft jet engine propulsion system for an aircraft 
Which comprises: 

a substantially closed annular single skin nose coWl 
having an exterior surface and an interior surface and 
positioned at the leading edge of an inlet of an aircraft 
jet engine propulsion system and arranged for graZing 
How of ambient air over the exterior surface When the 
aircraft is in ?ight, the annular nose coWl containing a 
quantity of air; 

a source of high pressure hot gas; 

at least one conduit means coupled to the source of high 
pressure hot gas and having an outlet end extending 
into said nose coWl; 

at least one outlet noZZle provided on the outlet end of 
said conduit means, said outlet noZZle being provided 
With circumferentially arranged means extending aft 
from said outlet noZZle and extending into the How of 
hot gas issuing from said noZZle to create longitudinal 
vortices and transverse stirring in the hot gas ?oW, said 
outlet noZZle being oriented to eject said hot gas at high 
velocity in a direction substantially tangential to a 
centerline of said annular nose coWl, Wherein said 
circumferentially arranged means extending from the 
outlet end of the conduit means includes a plurality of 
circumferentially arranged tabs that are canted 
inWardly into the How of hot gas issuing from the 
noZZle, and 

Whereby the turbulent high velocity hot gas ?oW issuing 
from said noZZle entrains the air Within said annular 
nose coWl so that the total volume of air and hot gases 
sWirling around the interior of said annular nose coWl 
in a rotational direction has a substantially uniform 
temperature intermediate betWeen that of said air and 
said hot gas How and by direct contact With the interior 
surface of the single skin nose coWl substantially 
uniformly heats the single skin nose coWl to a tem 
perature that is sufficiently high to preclude the forma 
tion of ice on the exterior surface of the nose coWl by 
the graZing How of ambient air When the aircraft is in 
?ight While also precluding the creation of an area of 
elevated temperature in said nose coWl at a location 
doWnstream of said outlet noZZle. 

2. The anti-icing system of claim 1 Wherein the annular 
nose coWl is closed by a transverse bulkhead and an air 
outlet means is provided in the annular nose coWl to permit 
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a volume of swirling air and hot gas to be exhausted at a rate 
substantially equal to the mass flow rate of hot gas being 
injected into the housing through said conduit means. 

3. The anti-icing system of claim 1 Wherein the outlet 
noZZle injects a hot stream of gas into the air Within the nose 
coWl at a rate to provide a mass flow rate of the hot gas and 
air sWirling in said annular nose coWl in a rotational direc 
tion around the interior of said annular nose coWl and in 
direct contact With the interior surface of such nose coWl 
being at least three times the mass flow rate of gases leaving 
said outlet. 

4. The anti-icing system of claim 3 Wherein said conduit 
means enters through said bulkhead and is bent about 90° to 
said tangential orientation. 

5. The anti-icing system of claim 1 Wherein the number of 
circumferentially arranged tabs falls Within a range of 2—6. 

6. The anti-icing system of claim 5 Wherein said circum 
ferentially arranged tabs are triangularly shaped. 

7. The anti-icing system of claim 6 Wherein the triangu 
larly shaped tabs are canted inWardly into the How of hot gas 
at an angle from a sideWall of the outlet noZZle falling 
betWeen 0—45°. 

8. The anti-icing system of claim 7 Wherein the triangu 
larly shaped tabs are canted into the How of hot gas issuing 
from the outlet noZZle at an angle of around 45°. 

9. The anti-icing system of claim 8 Wherein the portion of 
the area of the outlet noZZle that is restricted by the canted 
triangularly shaped tabs is less that 5%. 

10. The anti-icing system of claim 9 Wherein the outlet 
area of the outlet noZZle is enlarged sufficiently to compen 
sate for the restriction of such noZZle by the canted trian 
gularly shaped tabs. 

11. An anti-icing system for annular aircraft jet engine 
housings Which comprises: 

a substantially annular single skin housing having an 
exterior surface and an interior surface and positioned 
at the leading portion of an aircraft jet engine; 

a bulkhead substantially closing the aft end of said single 
skin housing; 

a hot, high pressure gas region of a jet engine; 
at least one conduit means adapted to carry hot gas from 

said region having a temperature of about 500 to 1000 
degrees F. and a mass flow rate of up to 1.5 lbm/sec., 
said at least one conduit means having an outlet end 
extending into said housing through said bulkhead; 

at least one outlet noZZle provided on said outlet end of 
each said conduit means, each outlet noZZle being 
oriented to eject said hot gas at a high velocity in a 
direction substantial tangential to the centerline of said 
annular nose coWl and being provided With circumfer 
entially arranged means extending aft from said outlet 
noZZle and into the How of hot gas issuing from said 
noZZle to create longitudinal votices and traverse stir 
ring in said hot gas sloW, Wherein said circumferentially 
arranged means extending from the outlet end 0 the 
conduit means includes a plurality of circumferentially 
arranged tabs that are canted inWardly into the How of 
hot gas issuing from the noZZle. 

12. The anti-icing system of claim 11 that also includes an 
exhaust means that is siZed to permit the exhaust of a volume 
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10 
of sWirling air and hot gas from Within the annular housing 
at least equal to the volume of hot gas injected into the 
annular housing through the outlet noZZle. 

13. The anti-icing system of claim 12 Wherein the cir 
cumferentially arranged means provided on the outlet noZZle 
comprises a plurality of circumferentially arranged tabs that 
falls Within a range of 2—6. 

14. The anti-icing system of claim 13 Where the circum 
ferentially arranged tabs are triangularly shaped. 

15. The anti-icing system of claim 14 Wherein the trian 
gularly shaped tabs are canted inWardly into the How of hot 
gas at an angle from a sideWall of the outlet noZZle falling 
betWeen 0—45°. 

16. The anti-icing system of claim 15 Where the triangu 
larly shaped tabs are canted into the How of hot gas issuing 
from the outlet noZZle at an angle of around 45°. 

17. Amethod of providing an anti-icing system for a nose 
coWl for an annular air inlet of an aircraft jet engine 
propulsion system Which precludes the creation of a hot spot 
on such nose coWl in the vicinity of injection of high 
pressure hot gas into such coWl that comprises the steps of: 

providing a single skin nose coWl positioned at the 
leading edge of an air inlet having an acoustically 
treated inner barrel of an aircraft jet engine that is 
substantially closed by an aft bulkhead to enclose a 
quantity of air; 

providing a source of high pressure hot gas; 
introducing said high pressure hot gas into the quantity of 

air enclosed Within said nose coWl in a direction 
substantially tangential to a centerline of said nose coWl 
to entrain the quantity of gas Within the nose coWl to 
create a volume of mixed hot gas and air sWirling in a 
rotational direction around the interior of said nose 
coWl at a substantially uniform temperature that is 
sufficiently high to preclude the formation of ice on an 
exterior surface of said nose coWl during ?ight; and 

to create longitudinal vortices and transverse stirring 
Within the How of high pressure hot gas during its 
introduction into said quantity of air and thereby 
enhance the commingling of injected said hot gas and 
hot quantity of air to preclude the creation of an area of 
elevated temperature on said nose coWl at a position aft 
of the point of introduction of said hot gas and permit 
reduction of the siZe of the nose coWl and a concomi 
tant increase in the longitudinal siZe of said acoustically 
treated inner barrel, Wherein said circumferentially 
arranged means extending from the outlet end of the 
conduit means includes a plurality of circumferentially 
arranged tabs that are canted inWardly into the How of 
hot as issuing from the noZZle. 

18. The method of claim 17 Wherein the creation of 
turbulence Within the How of high pressure hot gas includes 
the providing circumferentially arranged spaced means that 
extend into the How of high pressure hot gas. 

19. The method of claim 18 Where the step of providing 
circumferentially arranged spaced means includes the fur 
ther step of forming such spaced means as triangularly 
shaped tabs that extend inWardly into the How of hot gas at 
a predetermined angle. 

* * * * * 



PATENT NO. 
DATED 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

: 6,354,538 B1 Page 1 0f 1 
: March 12, 2002 

INVENTOR(S) : Radhakrishna Chilukuri 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 9 
Line 49, “substantial” should read -- substantially --; 
Line 56, “0” should read -- 0f 

Signed and Sealed this 

Eighteenth Day of March, 2003 

JAMES E. ROGAN 
Director ofthe United States Patent and Trademark O?‘ice 


